Bryum , Musci, Biflavonoids: Isoflavone-flavone, Bryoflavone, H eterobryoflavone From the moss Bryum capillare (Bryaceae) two new biflavonoids -bryoflavone and hetero bryoflavone -have been isolated. They are the first examples of a new class of biflavonoids formed by oxidative coupling of a flavone and an isoflavone moiety. The structures of both com pounds are proved spectroscopically.
Introduction
There have been up to now only few reports on the occurrence of biflavonoids in bryophytes. Thus Lindberg et al. reported 5 ', 8"-biluteolin from Dicranum scoparium [1] . Most recently a new biflavone, 5 ', 3"'-dihydroxyrobustaflavone was isolated from the moss (Musci) H ylocom ium splendens [2] . This type of compound has so far not been found in the second im portant group of bryophytes, the liverworts (H epaticae), although they have been studied chemi cally more extensively than mosses. In this paper the isolation of further biflavones from gametophytic tissues of Bryum capillare is described.
Results and Discussion
In the course of a study of the flavonoid pattern of Bryum capillare Hedw. [3, 4] two new biflavonoids were isolated from gametophytes. These compounds were nam ed bryoflavone (1) and heterobryoflavone (2). The structures of 1 and 2 were elucidated as follows.
The FD mass spectra of 1 and 2 show a molecular ion at 570 nm and a fragment ion at 552 nm, due to therm al elimination of H 20 ; this points to octahydroxybiflavones with hydroxyl groups at the ortho positions on either side of the interflavonyl linkage.
If the 13C N M R spectra (Table I) signal of an isoflavone (153.8 and 153.5 ppm respec tively). On the other hand both spectra show only one signal of a tertiary carbon at 102.7 and 102.2 ppm, respectively, which is attributable to the C-3 of a flavone. Both compounds must therefore contain a flavone and an isoflavone moiety, most likely luteolin (5) and orobol (6) , which have previ ously been found in B. capillare [3, 4] , This is corthe most striking difference is the signal of an roborated by the UV-spectra of 1 and 2, with and oxygenated tertiary carbon at the position of the C-2 without addition of the standard shift reagents [6] , [4] had to be changed to bring it in line with the other com pounds; it is therefore not consistent with its name! which are almost superimposable with those of an equim olar mixture of 5 and 6. Table II contains the UV and the chrom atographic data. The main differ ences betw een the 13C NM R spectra of 1 and 2 reflect the different interflavonyl linkages (3' -> 6" in 1 and
. The spectrum of 1 shows two tertiary signals at 93.4 and 93.6 ppm (C-8 and C-8") and only one at 98.9 (C-6), whereas the quaternary bridge head C-6" is shifted to 108.9 ppm [2] . In the spectrum of 2 two tertiary signals at 98.5 and 98.8 ppm (C-6 and C-6"), and only one at 93.4 ppm are shown, and the bridgehead C-8" is again shifted about 10 ppm downfield [7] . The sites of the other bridgeheads at the 3'-position of 1 and 2 are proved by the multiplicities of the proton resonances (Table III) , which are only com patible with interflavonyl linkages at the 3'-position. The question w hether the flavone or isoflavone is the "right hand m oiety" (c .f. formulae!) can be decided by comparing the chemical shifts of the protons at C-5'" and C-6'" of the biflavonoids with those at C-5' and C-6' of the m onom ers, respectively. These pro tons are distinct from all others by their multiplicity cannot be explained at present, but it is consistent with similar shifts in the biapigenin series [8] .
Experim ental
The plant m aterial was collected at St. W endel/ Saarland and at W inkel, Rüdesheim/Rheinland-Pfalz FRG . V oucher specimens have been deposited at the herbarium of the Fachrichtung Botanik, U niversität des Saarlandes.
Extraction and isolation
The air-dried gametophytic material (153 g) was extracted according to [2] . UV spectroscopy according to [6] . Mass spectroscopy: Varian MAT 311 A with FD source.
NMR spectroscopy: Bruker AM 400; 297°K, DM SO-d6.
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